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Theacousticalnearfieldproducedbytheexhaustofa stationary
turbojetenginehavinga highpressureratiowasmeasuredfora single
uperatingconditionwithoutafterburning.Themaximmover-all.sound
pressurewithoutafterbu.rnnnwasfoundtobeabout42poundspersquare
footalongthejetboundaryintheregionimmediatelydownstreamofthe
jet-nozzleexit.Withafterburningthemaximumsoundpressurewasin-
creasedby50percent.Thelargestsoundpressureswithoutafterbuming
wereobtainedinthefrequencyrangefrom350to700CPS.

Additionaltestsweremadeata fewpointstofindtheeffectuf
jetvelocityonnear-fieldsoundpressuresandtodeterminethediffer-
enceinvaluebetweensound-pressurelevelsatrigidsurfacesandcor-
respondingfree-fieldvalues.Nearthejetnozzle,over-tisoundpres-
sureswerefoundtovaryasa lowpower(a~rox.unity)ofthejet
veloci@.Over-allsound-pressurelevelsconsiderablygreaterthanthe
correspondingfree-fieldlevelswererecordedatthesurfaceofa rigid
plateplacedalongthejetboundary.

Thedownstreamlocationsofthemaximmsoundpressureatanygiven
frequencyalongthejet-engine-e@austboundsryandthelongitudinal
turbulent-velocitymsximumofthessmefrequencyalonga smallcold-air
jetat1 nozzle-exitradiusfromthejetaxiswerefoundtobenearly
thesamewhencomparedona dimensionlessbasis.Also,“theStrouhal-
umberofthecorrespondingspectramaximumwasfoundtobenearly
eqpalatsimilardistancesdownstream.

INTRODUCTION

Experiencehasshownthatjet-inducedacousticalpressures,pm-
ticularlyintheimmediatevicinityoftheexhaustofa jetengine,can
beofsufficientmagnitudestocausefatiguefailureofadjacentsur-
faces.Moreover,thesenear-fieldsoundpressuresmsyproduceharmful
effectsongroundandflightpersonneliftheyarenotshieldedfrom
thenoise.

. . . .. . . ______ ———.. ——. —______ -— . -— .—



2 NACATN3763

Theacousticalnearfieldisa looselydefinedregimimmediately
surroundinganymultipolesourceofsoundordistributionofmultiyole
sources.Specifically,anypointwhosedistancefromanacoustical
sourceisriotlargecomparedwiththeacousticalwavelengthissaidto
bewithinthenearfieldofthesource.b theacousticalnearfield,
soundpressuresarenotinphasewithsoundpsrticlevelocities..

Presentknowledgeofmagnitudesandspectraofnear-fieldjetnoise
fromturbojetenginesisquiteUnited.Dataontheacousticalnear
fieldofairjetsarereportedinreferences1 and2. Noisesurveys
aboutjetenginesarepresentedinreferences3 and4. Thedataonen-
ginenoisehavebeenlimitedgenerallytodistancesgreaterthan10feet
fram@e jet-nozzleexit.

Jet-noiseabatementatthesourceisthemostdesirablemethodfor
solv3ngthestructuralandpersonnelproblems.Knowledgeofthespace
distributionofacousticalsourcesastotype,orientation,size,in-
tensity,andfrequencyisimportantinconnectionwiththenoise-
abatementproblem.Ultimately,a completetheoryofjetnoiseis
desired.

Anycompletetheoreticalanalysisofthejetasa noisesource
shouldbe capableofpredictingthesoundpressures,spectra,andpres-
surecorrelationsinspaceendtimethroughoutthenoisefield.
Idghthillhasdevelopeda basictlieoryofaerodynamicnoise(ref.5)
and,mibsequently,hasextendedthistheory(ref.6)to~lain thepro-
ductionofsoundbyjetsforthesubsonicregime.Accordingtothis
theory,jetturbulence,particularlyinregionsoflargemeanshear
(e.g.,inthejet-mixQgregion),isa sourceofsound.Ingeneral,
thejetcanbe subdividedintosmallvolumes,whichmayberegardedas
individualsourcesofsound.Eachsourceisrepresentedmathematically
asanacousticalquadruple,thatis,a high-ordersourcecamposedof
foursimplepoles.lhgperimentalmeasurementshaveborneoutthemore
generalpredictionsofIighthill’stheory.However,beforesnyccmplete
theoryofjetnoisecanbeconfirmed,additional~erimentaldataare
required.Near-fieldjetnoiserepresentsonephaseoftheover-all -
problemthatmeritsexperimentalinvestigation,notonlytoprovidedata
forfurthertheoreticaldevelopment,butalsotoprovidedatarelating
tothestructuralproblem.

Thisreportcontainsresultsofa surveyofnear-fieldsound-
pressurelevelsendspectrainthevicinityofthejetproducedbya
stationaryaxial-flowtmbojetenginehavinga highpressureratio m
acrossthejetnozzle.Themeasurementswereobtainedaspertofa
studyofjetnoiseattheNACALewislaboratory.Thecorresponding ,
sound-pressurecorrelationsarepresentedinreference7. Thedatare- “
portedhereinextendtowithina fewinchesofthejet-nozzle@t and
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jetboundary.Exceptforgroundeffects,theresultsofthisreport
areassociatedwithfree-fieldconditions.Someadditionalacoustical
data
also

from

obtainedatthesurfaceofa stiffplate,andwithafterburningare
included.

Thejet-noise

“APPARATUS

measurementsdescribed
the&&il_-flowturbojetengineshown

inthisreportwereobtained
infigure1. Thisengineis

rated“atmorethan10,000poundsofsea-levelstaticthrustandhasa
circularconvergentnbzzle.Theenginewasmountedwithitscenterline
6 feetabovegroundlevelinthethruststandalsoshowninfigure1.

A 12-foot-highsound-absorbentwallcomposedofacousticalpanels
comprisedtheonlylargeobstaclenearthefieldofmeasurement.The
wallwaserectedearlyintheprograminordertoreducenoiselevels
withinthenearestbuildings,whichw=eaboutl/10mileforwardofthe
engine.Itwasquiteurildlcelythatthepresenceofthewallcouldsf-
fectnoiselevelsinthefieldofmeasurement.

Ablockdiagramofthesoundanal.yzingequipmentisshowninfig-
ure2. Theacoustical.pickupconsistedofa smallcondensermicrophone,. andincludedpreamplifier.Theoutputfromthisunitislinearatall
sound-pressurelevelslessthan180decibels.(Sound-pressurelevelin
decibelsinthisreportisbasedona referencepressureof2X10-4dyne/cm2
andhasa frequencyresponsethatisflattowithin1 decibelfrom35to

I 8000cps.)Correctionsformicrophoneresponsewereappliedtodatafor
frequenciesgreaterthan3000cps.Powerfortheunitwasobtainedfrom
a separatepowersupply.Theoutputpassedthrougha freguency-
compensatedcabletoa l/3-octave-bandaudiofrequencyspectrometerand
automaticrecorder,whichwerelocatedina controlroanapproximately
150feetfromthefieldofmeasurement.Thepowersupplywaskeptin
anacousticallytreatedbox(fig.3)inordertopreventitsdestruc-
tionbytheintensenoise.Theusefulfrequencyrangeoftheentire
unitwas35to15,000 Cps.Theentiresystemwascalibratedwith-a400-
cpssignalsup@iedbya smallcalibratorloudspeakerdrivenbya
transistoroscillatw.

Sound-pressurelevelswererecordedindecibels.Therecorded
levelsdonotcorrespondtointensitylevelsbecauseofthearbitrary
phaserelationbetweenthesound-pressureandparticle-velocityfluctua-
tionsintheacousticalnearfield.

Themicrophoneunitwasmountedonanextensionarmfroma remote-
controlledmotor-drivenprobeactuator.Inaddition,a secondidenti-
ealmicrophonewasfixedatoneendoftheactuatorsu~ort(fig.3)
forobtainingdataattwopointsduringshortruns(e.g.,durtng

.
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af’terburning).
severalpoints
themicrophone
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Theactuatorallowedthemicrophonetobelocatedat
withoutstoppingtheengine.Successivepositionsof
wereremotelyindicatedwithinthecontrolroom,The

actuatorpermittedamadm& Mneartraverseofthemicrophoneof8 feet
without_ theactuatoritself.Thesupportwas~rovidedwithvar-
iousadjustmentstopermitthemicrophonetobekeptinthehorizontal
planecon~ theengineaxiswhentheactuatorwaslocatedoveruu-
evenground.

PROCEDURE

Thejetvelocityandtemperatureprofilesinthehorizontalplane
containingtheengineaxisweremeasuredfirstinordertolocatethe
jetboundary,thatis,todeterminehownearthemicrophonecouldbe
broughttothejetwithoutbeingaffectedbyjetgustsoroverheating.
A stringgridwaslaidoutalongthegroundinordertolocatepoints
inthenoisefield.

Measuredjetveloci~andtemperatureboundariesforthefixedop-
eratingconditionwithoutafterburningareindicatedinfigure4. In
figure4,abscissavaluesrepresenttistancesalongthejetaxismeas-
uredfromthejet-nozzleexit.Ordinatevaluesrepresentradialdis-
tancesmeasuredperpendiculartothejetaxisandinthehorizmtal

*

planecontainingthejetaxis.Indicatedboundaryvaluescorrespondto
measurementstationsatwhichaveragetotalpressures(velocityboundary) .
endaveragetotaltemperatureswerefoundtobewithin0.05inchof
mercuryand5°F,respectively,oftheenibientvalues.Thesolid13ne
infigure4 correspondstotheboundaryofthenoisemeasurements;that
is,nonoisemeasurementsweremadeatstationscorrespondingtopoints
belowthesolidltneinfigure4. Theboundaryofthenoisemeasurements
wasconstructedata slightlygreaterazimuththanthoseofthevelocity
andtemperatureboundariesInordertominimizetheimpingementofjet
gustsuponthemicrophoneinthepresenceofcross-winds.Inparticular,
theboundaryazimuthvaluesmeasuredwithrespecttothejetaxiswere
asfollows:

(1)Vdocityboundary,“6.7°

(2)Temperatureboundary,-9.4° ,

(3)Boundaryofnoisemeasurements,“9.8° ,-
Mapsshowingallpointsatwhichnoisedatawereobtainedcomprise

figure5. Theacousticalinstrumentationwascalibratedbeforeeachset ,
ofmeasurements.
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Thecompletenoise-fieldsurveyprogramextendedovera periodof
severalmonths.Engineoperationwaslimitedbyyoorweatherconditions
andtherelativeimmobilityofthemicrophonewithrespecttothesize
ofthefieldtobesurveyed.Therefore,repeatabilityofengineoperat-

. ingconditionswasimportantforobtaininga completefieldsurveyata
fixedoperatingcondition.

Onlyoneenginecontrolvariableisindependentduringstaticen-
gineoperation.Ofthecontrolvariables,thrust,rotorspeed,turbine-
outlettemperature,andenginepressureratio,measuredenginethrust
wasselectedasa convenientmeasureofrepeatability.Enginethrust
andthetotalacousticalpowergeneratedbyturbulence(ref.5)bothde-
penduponsnbienttemperatureandpressure,buttoa differentdegree.
Thus,constantenginethrustdoesnotcorrespondtoconstantgenerated
totalacousticalpowerifambientconditions&sage. Therefore,the
effects”ofchangesinanixbenttemperatureandpressureonthemeasured
soundfieldwerenecessarilyregardedasuncorrectableerrors.

Theselectedvalueofthrustandcorrespondingvaluesofother
significantparameterswereasfollows:

Thrust,lb. . . . . . . . . . . . . . . . . . . . . . . . . . . .9600
Jetvelocity,ft/sec. . . . . . .-.. . . . . . . . . . . . . . .1850
Nozzlepressureratio. . . . . . . . . . . . . . . . . . . . . . 2.2
Nozzletemperatureratio. . . . . . . . . . . . . . . . . . . . . 2.8
Nozzle-exitdiameter,ft. . . . . . . . . . . . . . . . . . . . .1.85

Thejetvelocity”(abulkvelocity)wascomputedbydividingthemeas-
uredvalueofthrustbythemeasuredmassflowofgasthroughtheengine.
Goodagreementbetweenexperimentaldata(ref.8)andLdghthill’stheo-
reticalesthate(ref.5)ofthefunctionaldependenceoftotalacoustic
powerhasbeenobtainedbydefiningjetvelocityintheprecedingmanner.
Theprecedingvalueswererepeatablefortheentirerangeofambient
conditionsencountered.Thestandarddeviationofthrustandjetve-
locityresultingfrcmallcauseswasabout1percentamd20feetper
second,respectively.

tiadditiontotheacoustical.near-fieldsurveyata fixedopemt-
ingcondition,measurementsweremadeata fewpointsforvariousjet
velocitieswithoutandwithsfterbuming.Also,a fewacoustical.meas-
urementsweremadeatthesurfaceofa stiffplateplacedalongthejet
boundaryinordertoobtainanestimateoftheincreaseofsound-pressure
levelsatrigidsurfacesoverthecorrespondingfree-fieldvalues.The
measurementsattheplatesurfaceweremadeforthessmeengineoperating
conditionslistedpreviously.Withafterburningthevaluesofthesig-
nificanten@neparameterswereasfollows:
!t!hrust,lb.. . . . . . . . . . . . . . . . . . . . . . . . . .14,750
Jetvelocity,ft/sec. . . . . . . . . . . . . . . . . . . . . . 2,590
Nozzle-exitdiameter,ft.. . . . . . . . . . . . . . . . . ...2.33

----- .—— . . — ..——— — -.— — ..————
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Variationsofexperimentalconditionsresultedprincipallyfrom
wind,ambienttemperatureandpressurevariations,anddislocationof
themicrophone.Testswererestrictedtodaysonwhichwindvelocities

,,

werelessthan15mphinordertominimizetheinfluenceofwindonthe
jetasa noisesource.Accuratepositioningofthemicrophoneispar- .
ticularl.yimportantinregionsoflargesound-pressuregradients.The
microphonewaslocatedwithrespecttothenozzleexittowithin1 or2
inchesandwaspointeddirectlyat (normalto)thejetaxis.Themicro-
phoneheightwasset
ihgtheen-e axis.

towithin1/4inchofthehorizontalplanecontain- *00m

RESULTS

Contourmapsshmdngregionsofeqyalsound-pressurelevelsinthe
acousticalnear-fieldarepresentedinfigures6 and7. Thecontour
numbersdenote(approx.)root-mean-squaresound-pressurelevelsin
decibelsandareassociatedwithanaverageenginethrustof9600pounds.
Thecontoursinfigure6 representlinesofconstantover-allsound-
pressurelevelthat,forthetestsdescribed,includeda13.frequencies
between35and15,000cps.Correspondingmapsforeachl/3-octaveband
inthefrequencyrangefrcm35toU,200CPSarepresartedinfigure7.
Figure8 isprovidedasa convenienceforcomparingsound-pressure
levelsindecibelswithsoundpressuresinpoundspersquarefoot.

s

Free-field sound-pressure-levelcoptoursareshowninfigures6
and7. Sound-pressurelevelsatsurfacesmaybeconsiderablyhigher.

.

Forexample,resultspresentedinreference2 andtheadditionaltests
performedusingtheenginedescribedhereinhaverevealedsound-pressure
levelsatthesurfaceofa stiffplatethatareconsiderablyhigherthan
thecorrespondingfree-fieldvalues.Asshowninfigure5(b),the
presentplatetestsweremadeattwostati- alongthejetboundary.
Attheupstresmstation,sound-pressurelevelsattheplatesurfacewere
foundtobe 2 or3 decibelshigherthanthecorrespondingfree-field
values.However,atthedownstreamstation,theincreasewasfoundto
beasmuchas16decibels,probablyresultingfromimpingementofthe
jetautheplate.

Over-AllSoundPressure

Themeasuredmaximumfree-fieldover-allsound-pressurelevelwith-
outafterburningwasappro-tely160decibels,whichcorrespondstoa
soundpressureof42poundspersquarefoot.Thissoundpressurewas

{
measuredalongthejetboundaryfrom1 2 to(atleast)2 nozzle-exit
diametersfromthenozzleat (fig.6 . Withaft$rburningthemaximum f,

sound-pressurelevel,deteminedfrommeasurementsatonlytwostations
(fig.5(c))alongthejetboundary,wasfoundtobe163.5.decibelsat

.
.—. .
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theupstreamstation.‘l!bislevelcorrespondstoa soundpressureof63
poundspersquarefoot.Atthedownstreamstationthelevelwas
160decibels.

Henceforth,consideringonlythefree-fieldresultswithoutafter-
burning,thevariationofover-allsoundpressurealongthejetboundary
iS showninfigure9. Themexlnmmsoundpressureindicatedinfigure9
islessthanthatindicatedinfigure6becauseofvariationsinexperi-
mentalconditions,princi@llytheambientwind.Soundpressure,rather
thansound-pressurelevel,wasselectedastheordinateinfigure9be-
causesoundpressureisprobablymorenearlyproportionaltoacoustical-
sourcestrengthwithinthejet.

Accordingtofigure9,theover&llsoundpressurealongthebound-
arywasa~ w to4 diametersdownstreamofthenozzleexit,fell
rapidlybetween4 and25diametersdownstream,andceasedtofallrapidly
beyond25diametersdownstream.Beyondthispoint,thesound-pressure
levelwasatleast20decibelsbelowthemaximumlevel.

Thedirectionofmaxhumsoundprop~tionwasestimatedfromfig-
ure6 toformananglebetween30°and40 withrespecttothejetZJCLS.
Thepointofmaximumsound-pressurelevel,ratherthanthecenterofthe
nozzleexit,wasusedasthevertexinformingthisangle.Thisresult
isinagreementwiththeresultsoffar-fieldmeasurements(refs.4 and
8). Thereasonfortheapparentcurvatureofthedirectionofmaximum
propagationhasnotbeendetermined.

Theeffectofjetvelocityonover-allsoundpressuresatvarious
pointsalongthejetboundaryisshowninfigure10. Q@hill’s theory
andeqerimentalresults(ref.9)indicatethattherelationbetween
theacousticalpressurep ata pointandthejetvelocityU is
p2/Pl = (u2/ul)n, where1 and 2 correspondtotwodifferentvalues
of u. Linescorrespondingtovariousvaluesof n areshowninfig-
ure10. Nearthenozzlen <1, whereasbeyond.15diametersdownstream.
n + 4,whichisapproximatelythevalueexpectedinthefarfield(refs.
5smd6). Furtherexperimentscoveringa widerrangeofvelocitiesare
requiredtoestablishaccuratelythevariationofnear-fieldsoundpres-
sureswithjetvelocity.

Sound-PressureLevelinltcequencyBands

Themaximumsound-pressurelevelinanysinglel/3-octavebandwas
foundtobeabout150decibels,whichcorrespondstoa soundpressure
of13poundspersquarefoot,inthethree1/3octavesincludedinthe
intervalfrom350to700cps.Theselevelsweremeasuredalongthejet
boundaryfroma pointnesrthenozzleexitto5.5nozzlediameters
downstreamofthenozzleat (figs.7(k),(2),and(m)).

—. -.. ..— .—. —. —- .--— ———— ——_-.—
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Thedistributionalongthejet
frequencybandwasfoundtobe
locationofacousticalsources
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boundaryofthesoundpressurein
usefulforestimatingthepredomi-
ofanygivenfrequency.Theapparent

locationofsourcesina selectedfrequencybandwasassumedtobeat
thesamedistancedownstreamasthem&.m& ofthecorrespond3.ngsound-
pressuredistributioncurve.Thefrequencyofacousticalsourcesasa
functionofdistancedownstreamisdenotedbythesolidcurveinfigure
n(a). Thedashedlinessigdfylocationsatwhichthesound-pressure
levelfalls6 decibelsbelowthe~ levelfortheparticularfre-
quency.A portionofthesamecurveisshowninfiguren(b)withthe
distancedownstreamexpressed.ona logarithmicscale.Throughoutmost
al?thelengthofthejet-mixingregion,therels.tionbetweenfrequency
ofacousticalsourcesanddistancedownstreamisfoundfromfigurell(b)
tobe &/4f = ld, wherex isthedistancedownstreamofthenozzle
exitinfeetand f isthefrequencyofthesourceincps.

Theangleofmaximumsoundpropagationwasfoundfromtheacoustical
mapsh figure7toincreasewithincreasingfrequencyfromabout20°at
40cpsto45°at10,000cps.Thevariationofangleofmaxhumpropaga-
tionasa functionoffrequencyisshown= figure12.

Sound-Pressure-LevelSpectraAlongJet Boundary

Thesoundfieldforparticularfrequencybandswasconsideredin
theprecedingsection.Thesamedataarenowreconsideredintermsof
sound-pressure-levelspectraatparticularfieldpoints.

Spectraalongthejetboundaryfrcmapproxhately1/2to33nozzle-
-t dim&ers (O.83to61.8ft)downstreamofthenozzleexitarepre-
sentedinfigure13. Eachspectrumpossessesa singlepeakinthe
audiblefreq~cyrange.Thevariationofthefrequacyofpeaksound-
pressurelevelaaa functionofaxialdistancefrcnnthenozzle-t is
showninfigure14. Thepeekfrequencywasconsideredtocorrespondto
thefrequencyattheintersectionofthestraightlinesfittingthelow
andhighfrequencyfall-offPO-one ofthespectrainfigure13.
Throughoutthelengthal?themixingregiontherelationbetweenpeak
frequencyanddistancedownstreamofthenozzleexitisfoundfromfig-
ure14tobe xl/% = 103.Thisresultdoesnotagreewiththeexpres-
siongivenintheprecedingsectionforlocatingacousticalsourcesbe-
causethesoundpressweisnotequallydistributedoverallthe
frequencybands.

$0
u)

,,

“

U@@ about3.5nozzle--tdiametersdownstreamofthenozzleexit,
thespectrumsoundpressuresfalloffattherateof25decibelsper
frequencydecadeonthelow-frequencyendand15decibelsperdecadeon
thehigh-frequencyend(fig.13).Beyond5 dismetersdownstreamofthe

-. .—— .— . . . .
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nozzleexit,
decibelsper
unchsnged.

thelow-frequencyfall-offratedecreasesto15or20
decade,whereasthehigh-frequencyfhll-offrateremains

Second-SourceNoise

Prdilesofsound-pressurelevelsalongthe
frequencybandandtheacousticalmapsinfigure

jetboundaryforeach
7indicatethepossible

existenceofa wide-frequency-bandnoisesourceinthevicinityofthe
jet-nozzleexit.Alongthejetboundarythis“second-source”noiseis
differentiablefrm thejet-tiducednoiseonlyatfrequencieslessthan
100cps,asshown,forexample,infigure15. Moreover,thepresence
ofsecondarylobesintheacousticalmaps(fig.7)alsoindicatesthe
existenceofa secondnoisesource.Itseemslikelythatthesec~d-
sourcenoiseiseithershock-producednoiseorinternallygenerateden-
ginenoisethatispropagatedoutoftheenginetailpipe.Theop=a-
tionalenginepressureratio(2.2)isidenticaltothatassociatedwith
theonsetofshock-inducednoisefromsmallairjets(refs.land lO).
However,themaximumacousticalpressuresatauyfrequmcywhichare
attributabletothesecondsourceareappreciablylessthenthosecaused
bythejetturbulencealone.

DISCUSSION

Theresultsconcernedwithdirectionofmaximumsoundpropagation,
itsvariationwithfrequency,andthetrendofthedistributionaccord-
ingtofrequencyofacousticalsourcesalongthejetareingeneral
agreaentwiththosepresentedinreferences1 and”4.However,noise
levelsreportedhereinareconsiderablyl@@erthanthelevelsreported
inreference4,especiallyinregionsnearestthejetnozzle.Onthe
“otherhand,thepresentnoiselevelsagreewiththeenginenoiselevels
reportedinreference2.

Unfortcmately,previouslypublisheddataontheacousticalnear
fieldofjetsareinsufficienttopermitcomparisonwiththepresent
resultstomorethana verylimitedextent.However,a considerable
amountofjet-turbulencedataforanunheated-airjetissuingfroma
circularconvergentnozzleisgiveninreference11. Comparingtheair-
jetturbulencedatainreferencelJ.withthejet-engineacousticaldata
isofinterestinattemptingtorelatejet-enginesoundfieldstothose
ofairjetsaudinrelatingturbulencetosound.Twocomparisonswere
made:

(1)Comparis~ofthedistancedownstreamofroot-mean-sqyare
sound-pressureandlongitudinalturbulent-velocitymaximumsforeachl/3-
octaveband

... .. . .--— —.. ..- .—— —— — — —- “— --—
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(2)Comparisonofthefrequenciesofthesouud-pressure-spectrum
andlongitudinalturbulent-velocity-spectrummaximumsasa functionof 1,
distancedownstream

Thevaluesofthe
jetturbulencedatain

Jetvelocity,ft/sec.
Nozzlepressureratio

significantparametersassociatedwiththeair-
reference11are

.*...* . . ...0 . ...*. . . . . 342

. . . . . . . ..*.* . ...0. ● 9*. 1.06
Nozzletemperatureratio. . . . . . . . . . . . . . . . . . . . .1.01
Nozzle-exitdismeter,in.. . . . . . . . . . . . . . . . . . . . 3.5

Becausethesevaluesdifferedgreatlyfromthoseassociatedwiththe
engineacousticaldata,theprecedingcomparisonsweremade,assug-
gestedbytheworkofLighthillandGreatrex,onthebasisofStrouhal
nuniber(basedonjetbulkveloci@andnozzle-exitdiem.)ratherthan
frequency,enddistancesdownstreamwere~ressedinjet-nozzle-exit
diameters.Thecomparisonsweremadebetweennoisemeasuredalongthe
jetlmundexyandturbulencemeasuredalongthejetlength.ata distance
of1 nozzle-exitradiusfromthejetaxis.Atdistanceslessthan20
nozzle-exitdiametersdownstreamofthenozzleexittheover-alllongi-
tudinalturbulent-velocityfluctuationsarea maximumatabout1 nozzle-
exitradiusfromthejetaxis(refs.lJend12). .

Theresultsofthecomparisonsarepresentedinfigures16and17.
Infigure16,theStrouhalxumibersofthesound-pressureandlongituti- -
nalturbulent-velocitymaximumsareplottedasa functionofdistance
downstreanrofthenozzleexitinnozzle--ttismeters.A Simihr pbt
which locatesthefrequenciesofthecorrespondingspectramaximumsis
showninfigure17. Theacousticalandturbulencespectra(intermsof
Strouhalnumber,ratherthanfrequency)atcorrespondingdimensionless
distancesdownstresmarecmparedinfigure18.

Thegoodagreementbetweenthecurvesforsoundandturbulencein “
figure16isappreciablybetterthanthatwhichresultedwhenfrequency,
ratherthanStrouhalnumber,wasadoptedastheordinate.Thepresent
resultinticatesthat,atleastinthemixingregion,fregpenciesof
turbulent-velocityfluctuationsareassociatedwithnoiseofthesame
frequency.(Thesameconclusionsreachedinref.13fromtheoretical.
considerations.) Moreover,thedistributionaccordingtofrequencyof
acousticalsourcesinthesirjetwass3milartothatinthejet-engine
exhaust. Thedistributionwasrelativelyindepenbtofjettempera-‘
ture.Peaknoiseandturbulenceatfrequenciescorrespondingtovalues
ofStrouhalnuniberlargerthan0.15occurredupstreamofthetipofthe
jetcore(x/de4.5,whered isthenozzle--tdiam.and x is
distancedownstreamfromnozzleexit),thatis,inthejet-mixingregion. -

-..—— —— ..-. ——-.
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Theacousticalandturbulencespectrainfigure18arenearlyiden-
ticalata pointnearthenozzle,buttheturbulencespectratendtobe
flatterthanthecorrespondingacousticalspectradownstreamofthe
nozzle.As showninfigure17,themaxhumoftheacousticalspectra
varieslessasa functionofdistancedownstreamthandoesthecorres-
pondingmaximumoftheturbulent-velocityspectra.Theeffectamounts
tostretcldng,intheflowdirection,thejet-flowfieldoftheengine
withrespecttothatoftheairjet.Theeffectisnotoneoftaqpera-
turebecausethevelocityfieldofa jetbecomescompressedlongitudi-
& asthejettemperatureisincreased(seefigs.7and10ofref.

Ratherjchokingofthejet,whichcommencesata nozzlepressure “
ratioof1.89,appearstoexplainthestretchingoftheengineflow
field..Znthepresenceofchoking,therateofexTansionofthemixing
regionislessthanforunchokedconditions(ref.15).

Comparingthedownstreamdistanceoftheacousticalandturbulence
maximumsfora givenfrequencyisnotthesameascomparingthetiequency
ofthecorrespondingspectramaximumsatthesamedistancedownstreamof
thenozzleexit,becausethemaximumlevelandspectrummaxhumfora
givenfrequencymaynotoccuratthesamedistancedownstream.Compari-
sonsofthefrequenciesofspectramaximumsatthesamedistancedown-
streamaremadeinreferences11and16. However,comparingtheloca-
tionsofthemsximumlevelsassociatedwithagivenfrequency(fig.16)
ismoredirectlyrelatedtolocatingacousticalsourcesaccordingto
frequency.

Althoughthemaximumover-all.turbulenceoccursatabout1 nozzle-
exitradiusfromthejetaxis,thenmdmm turbulenceata specified
frequencymaynotoccuratl.nozzle-exitradius.Therefore,theentire
fieldofturbulenceshouldbetakenintoaccountindeterminingthelo-
cationoftheturbulencemaximumfora givenfrequency.b comparhg
thislocationwiththeacousticalresults,thedistanceoftheturbu-
lencemaxhumfromthejetboundaryshouldalsobeconsidered.fithe
presentcomparisons,thetwoprecedingeffectsweredisregarded.

.

COMCLUSIOMS

Acousticalmeasurementsinthevicinityoftheexhaustofa
10,000-pound-static-thrustturbojetengineindicatedthat:

1.Maximumover-allroot-mean-squarepressureswereoftheorder
of42poundspersquarefoot.withoutqfterburpingor63poundsper
square footwithafterburntng;Thesepressurescorrespondtosound- -
pressurelevelsof160and163.5decibels,respectively.Wximumsound.
pressureswere-obtdned+ong theje%boundaryimmediately-downstream -
ofthe.jet-nozzleexit. .

. . . . .
,

/. ,
-. ..-— ...— ..— ...——.— — ..-— ——— . .—. —.
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2.Maxhmmsoundpressuresoftheorderof13pounds
footoccurred(withoutafterburning)ineachofthethree
containedinthefrequencyintervalfrom350to700cps.

NACATN3763
A

persqpare
l/3-octavebands ‘

3.Sound-pressurelevelsatthesurfaceofa stiffplateplaced
alongthejetboundarywerefoundtobe considerablygreaterthanthe
correspondingfree-fieldvalues.

4.Throughoutmostofthelengthofthejet-midngregion,thedis-
tributionaccordingtofrequencyofacousticalsourceswasgivenby
x3/4f= 103,wherex isthedistancedownstreamofthenozzleexitin
feetand f isthefrequencyofthesourceincps.

5.Throughoutthelengthofthemixingregion,therelationbetween
spectrumpeakfreqpencyanddistancedownstreamwasgivenby
xl/2f= 103,wherex and f aredefinedintheprecedingresult.

Bycomparingtheacousticalmeasurementsfortheenginewithturbu-
lencemeasurementsfora cold-airjet,thefollowingadditionalconclu-
sions appearvalid:

1. Peaklongitudinalturbulentvelocitiesandpeak
suresassociatedwiththesameStrouhalnumberoccurat
theseinedimensionlessdistancealonga Jet.

2.Peaklongitudinal1 turbulentvelocitiesendpeak

acousticalpres-
approximately .

acousticalpres- “
suresatapproximate~thesame@nensionlessdistancealonga jet
possessthesameStrouhalnumber.

3.Thedistributionaccordingtofrequencyofacousticalsources
slongthehotexhaustofa jetengineisshdlartothatalonga cold-
airjet.Theeffectofjettwrperatureuponthedistributiona~ears
tobe smalJornegligible.Therateofexpansionofthejet-mixingre-
gionmeyaffectthedistribution.

4.Acousticalspectraadjacenttoa jet-engineexhaustaresimilar
to,butnotasflatas,longitudinalturbulent-velocityspectraat1
nozzle-exitradiusendata similardistancealonganairjet.

5.Acousticalandturbulent-velocityfrequenciescorrespondingto
valuesofStrouhalnumberlargertti 0.15aregeneratedprimarilyin
thejet-mixingregionupstreamofthetipofthejetcore.
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Theprecedingconclusionsresultedwhentheacoustical.andturbu-
lencedatawerecomparedintermsofdistancedownstreaminjet-nozzle-
exittiametersandStrouhalnuniberbasedonjet-nozzle-exitdiameterand
thejetbulkvelocity.
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